Genomic DNA fragments containing the S 3 -, S 4 -, and S 6 -RNase genes were isolated from the sweet cherry ( Prunus avium L.) and sequenced. Comparison of the 5'-flanking sequences of these three S -RNases indicated that a highly conserved region (designated CR) existed just upstream from the putative TATA boxes. We postulate that CR contains cis -regulatory element(s) involved in pistil expression. To examine the activity of the isolated S -RNase promoters of sweet cherry in the pistil, we transiently introduced approximately 650-bp fragments of the S 4 -and S 6 -RNase promoters fused to β -glucuronidase ( GUS ) gene into the pistil of the petunia using a particle bombardment technique. Histochemical analysis showed that the 5'-flanking region of each S -RNase was active in the pistil. This suggests that cis -regulatory element(s) for pistil-specific expression may exist(s) within the 650-bp region upstream from the TATA box in the sweet cherry S -RNase promoter.
Most rosaceous plants have a gametophytic self-incompatibility system controlled by a single S -locus with multiple alleles (de Nettancourt, 1997) . In sweet cherry ( Prunus avium L.), a member of the Rosaceae, the S gene products in the pistil are reported to be S -RNases (Tao et al., 1999a) and stylar S -RNase zymograms have been correlated with the S -alleles (Boskovic and Tobutt, 1996) . Expression of the sweet cherry S -RNase gene is restricted to the stigma and style, and the amounts of these proteins increase with flower development (Tao et al., 1999a) , as in other rosaceous species (Sassa et al., 1993; Ishimizu et al., 1996) . Attempts have been made to identify the cis -regulatory elements for the pistil-specific expression in the S -RNase promoter in the Solanaceae and Rosaceae. Although the 5'-flanking regions of the solanaceous S -RNase genes are reported to be heterogeneous (Kaufmann et al., 1991; Coleman and Kao 1992; Chung et al., 1995; Matton et al., 1995) , the conserved sequence motifs were found in the 5'-flanking region of the solanaceous S -RNase genes (Kaufmann et al., 1991 , Ficker et al., 1998 . Furthermore, cis -regulatory elements for pistil-and pollen-specific expression were identified in the potato S 2 -RNase promoter (Ficker et al., 1998) . In rosaceous species, the 5'-flanking regions in the apple and Japanese pear S -RNase genes are very similar (Ushijima et al., 1998a; Norioka et al., 2001) . Recently, critical cis -regulatory elements for pistil-specific expression were identified in the S 3 -RNase promoter of the Japanese pear (Dissanayake et al., 2001 ). In the sweet cherry, although the nucleotides of the non-translated regions and partial genomic sequences within the coding regions of the S 1 -, S 3 -, S 4 -, and S 6 -RNase genes were identified by Tao et al. (1999b) , no analysis of the cis -regulatory elements of the S -RNase promoter has been reported. In this study, we identified the 5'-flanking sequences of the S 3 -, S 4 -, and S 6 -RNases of sweet cherry and characterized the 5'-flanking region of the sweet cherry S -RNase by comparing them. Furthermore, the promoter activities for the isolated S -RNase genes were transiently investigated by introducing the S -RNase promoter fused to β -glucuronidase ( GUS ) gene into the pistil of the petunia.
To isolate the S 6 -RNase gene, a library containing
Edited by Yoshibumi Komeda * Corresponding author. E-mail: kite@ruby.ocn.ne.jp approximately 2.0 × 10 5 recombinants constructed from P. avium cv. Benisyuhou ( S 4 S 6 ), as described by Kitashiba et al. (2002) , was screened with an S 6 -RNase genomic DNA fragment (positions 1 to 838; Tao et al., 1999b ) as a probe. Two positive signals were obtained and a positive clone of each was sequenced directly. In addition, to obtain genomic DNA fragments of the S 3 -and S 4 -RNase genes, we carried out inverse PCR (IPCR) (Ochman et al., 1988) . For this experiment, template DNA was prepared from 'Satounishiki' ( S 3 S 6 ) genomic DNA for S 3 -RNase and 'Benisyuhou' ( S 4 S 6 ) genomic DNA for S 4 -RNase. This DNA was digested with Hin dIII and circularized with T4 DNA ligase. Two primer pairs were designed for IPCR: S3INVF (5'-GCAATAAGTGCAGTCTATCATCA-CAAT-3') and S3INVR (5'-CGCAATGCTGATTATATG-CATATAGGA-3'), and S4INVF (5'-ACAGCAGGATGC-CCAAATCAG-3') and S4INVR (5'-GATACACGGCATGT-TCATGTG-3'). An approximately 8.0-kb fragment for S 3 -RNase and a 4.7-kb fragment for S 4 -RNase were amplified and the sequences just upstream from each translational start codon (Tao et al., 1999a) were directly identified. Finally, we determined the 5'-flanking sequences in the regions between -8 and -628 for S 3 -RNase, -26 and -662 for S 4 -RNase, and -19 and -1658 for S 6 -RNase, when the translational start codon was designated +1 (Tao et al., 1999a) . Some nucleotides in the 5'-untranslated region differed from the sequences reported by Tao et al. (1999a; 1999b) , who reported that nucleotides -8 to -12 were 'TGTAT' for S 3 -RNase, nucleotides -26 to -35 were 'GGCCGAGGT' for S 4 -RNase, and Fig. 1 . Alignment of the 5'-flanking regions of the sweet cherry and other Rosaceae S -RNases. The alignment was generated by CLUSTAL W version 1.8 (Thompson et al., 1994) . Gaps are marked with dashes. The first nucleotides of the translational start codon are enclosed with a black box. The nucleotides are numbered from the translational start codon. The asterisks indicate nucleotides conserved in all S -RNases. The highly conserved region in the three S-RNases of sweet cherry is enclosed with a box and labeled CR. The nucleotides corresponding to putative TATA boxes or the motif IB-like (Ficker et al., 1998) sequences are labeled. The highly similar regions in the two Japanese pear S -RNases ) are underlined. The cis -regulatory element for pistil-specific expression in Japanese pear (Dissanayake et al., 2001 ) is double-underlined. The plant species from which each sequence was obtained are abbreviate as follows: PA, Prunus avium ; MD, Malus × domestica ; PP, Pyrus pyriforia . Sequence data for the S -RNases include the following: S f of Malus × domestica (apple) (Ushijima et al., 1998a) ; S 3 and S 4 of Pyrus pyriforia (Japanese pear) .
the nucleotide at -19 was 'T' for S 6 -RNase, whereas we obtained 'TATTC', 'CTCTGTAGT', and 'G', respectively. The 5'-flanking regions of the apple and Japanese pear S -RNases were reported to share an approximately 200-bp homologous region (Ushijima et al., 1998a; , in contrast with the high heterogeneity in the 5'-flanking regions of the solanaceous S-RNases (Kaufmann et al., 1991; Coleman and Kao, 1992; Chung et al., 1995; Matton et al., 1995) . Alignment of the 5'-flanking regions of the identified S 3 -, S 4 -, and S 6 -RNases indicated that an approximately 120-bp conserved just upstream from the putative TATA box of the S-RNase in sweet cherry (Fig. 1) . This region, designated CR, is from -87 to -203 according to the numbering for S 3 -RNase. A motif IB-like sequence (CT/GCACAAT), which is similar to motif IB (CTCACACT) found in potato S-RNases by Ficker et al. (1998) , was located within CR, but no other motifs were found. The sequences upstream from CR were divergent in the three S-RNases. In Japanese pear, a very similar region of about 200-bp (called box 1) was identified in the region upstream from the putative TATA box of the S-RNase gene and a motif IA-like sequence, which is similar to motif IA (Ficker et al. 1998 ), existed in box 1 ). These reports suggest that the 5'-flanking regions of S-RNase from both sweet cherry and Japanese pear share the same conserved region (CR or box 1) upstream from the putative TATA box, which contains a conserved sequence motif (IB-like or IA-like). In addition, a critical 50-bp cis-regulatory element for pistil-specific expression was found within box 1 by sequential deletion analysis of the Japanese pear S 3 -RNase promoter (Dissanayake et al., 2001) . Therefore, we postulate that cis-regulatory element(s) for pistil-specific expression of the S-RNase promoter exist within the CR in the sweet cherry.
To date, in the Rosaceae, the 5'-flanking regions of the S-RNases have been identified in the apple (Ushijima et al., 1998a) , Japanese pear (Ushijima et al., 1998a; Norioka et al., 2001) , and sweet cherry (in this study). While the 5'-flanking regions of the apple S f -RNase and Japanese pear S-RNases were very similar (Ushijima et al., 1998a; Norioka et al., 2001 ), the 5'-flanking region of sweet cherry is less similar to either (Fig. 1) . A region similar to the 50-bp cis-element for pistil-specific expression and box1 in the Japanese pear S-RNase (Dissanayake et al., 2001) was not found in the 5'-flanking region of the sweet cherry S-RNase. The family Rosaceae is composed of four subfamilies: Spiraeoideae, Rosoideae, Maloideae, which includes the apple and Japanese pear, and Amydaloideae, which includes the sweet cherry (Morgan et al., 1994) . In phylogenetic analysis based on the S-RNase cDNAs, Ushijima et al. (1998b) reported that the S-RNases of Rosaceae were classified by subfamily and may have evolved by subfamily. Our study also failed to find conserved sequences in the 5'-flanking region of sweet cherry S-RNases and those of Japanese pear and apple. Therefore, it is possible that the 5'-flanking region of sweet cherry S-RNase contains a cis-element for pistil-expression that differs that in Japanese pear and apple.
Next, to examine the promoter activity of the 5'-flanking region that we identified in the pistil, we transiently introduced the S-RNase promoter fused to β-glucuronidase (GUS) gene ( Fig. 2A) into the pistil of a flowering petunia (Petunia hybrida) using PDS-1000/He Biolistics Particle Delivery System (Bio-Rad, USA). We used the 662-bp (from -1 to -662) fragment for the S 4 -RNase promoter and the 648-bp (from -1 to -648) fragment for the S 6 -RNase promoter to construct the vector ( Fig. 2A) . To prepare plant samples for this experiment, we cut off the upper part of the stigma transversely to expose the inner tissues of the stigma or style (Fig.  2B) . We bombarded the cross-sections with the vector Fig. 2 . Transient transformation analysis of activity of the sweet cherry S-RNase promoters in the pistil. A: a vector of the S 6 -RNasse promoter fused to the GUS gene (pS6-GUS); 648-bp of the S 6 -RNase promoter was cloned from sweet cherry into HindIII / EcoRI restriction site of vector pBI101 (Clontech). Abbreviations: NOS-pro, nopaline synthase gene promoter; Km r , kanamycin-resistance gene; NOS-ter, nopaline synthase gene terminator; RB, right border; LB, left border. B: Illustration of the pistil of petunia (Petunia hybrida) prepared for particle bombardment. The upper part of the stigma was cut off transversely. Then, cross-sections of cut pistils were bombarded with particles coated with each DNA binary vector. C: Histochemical enzyme assay for the GUS gene in the stigma, in which the vector of pS6-GUS was transiently introduced by particle bombardment (a) and an untreated specimen (b). The bars indicate 100 µm. The stained cells are indicated with an arrow.
vertically and assayed the GUS expression. When the vector containing the 5'-flanking region of the S 6 -RNase was used, stained cells were observed in the stigma area ( Fig. 2C-(a) ), but not in leaves (data not shown). With S 4 -RNase, the same result was obtained (data not shown). When the cauliflower mosaic virus 35S promoter fused to the GUS gene was used, signals were observed both the stigma and the leaves (data not shown). No signals were observed in the negative control using only gold particles (Fig 2C-(b) ). This suggests that the 650-bp region just upstream from the translational start codon in the sweet cherry S-RNase promoter is active in the pistil and may include the cis-regulatory element(s) for pistil expression. The production of transgenic plants containing the S-RNase promoter fused to the GUS gene will allow us to analyze the temporal and spatial expression patterns of the S-RNase gene in detail.
Nucleotide sequence data for the sweet cherry S 3 -, S 4 -, and S 6 -RNase genes are available in the DDBJ/EMBL/ GenBank databases under the accession numbers AB075595, AB075596 and AB075597, respectively.
